Preserving femoral head vascularity during hip resurfacing may avoid femoral neck fractures and late femoral loosening. The posterior approach and notching of the femoral neck influence femoral head perfusion. However, it is not known if standard preparation of the femoral head during hip resurfacing can disrupt blood flow. Ten patients (10 hips) with advanced osteoarthritis having metal-on-metal hip resurfacing by means of a vascular-preserving surgical approach had femoral head blood flow measurements using laser Doppler flowmetry. Nine hips had a mean decrease of 70% in femoral head blood flow after standard reaming and preparation. The data suggest femoral head reaming during hip resurfacing substantially impacts blood flow to the femoral head and infers the extra osseous blood supply is still important in the arthritic femoral head. To avoid damaging the retinacular vessels, surgeons should direct the cylindrical reamer superolaterally staying as close as possible to the inferomedial neck.
Hip resurfacing arthroplasty is again being performed to treat young, active adults with advanced arthritis. Recent hip resurfacing results are substantially better than the initial results mainly because of improved bearing materials and implant designs. 3 However, premature failures still occur, with the main causes being femoral neck fracture and loosening. 1, 41 With a minimal particulate load comparatively to the metal-on-polyethylene resurfacings, 4, 18 other mechanisms of failure such as osteonecrosis and fatigue failure of the underlying femoral head may be revealed. 21 , 29 Little et al 29 reported a high incidence of patchy osteonecrosis in femoral heads after failed metalon-metal hip resurfacing; implying a vascular interruption. Potential contributing factors to this vascular disruption are using a posterior approach 2, 42 and damage to the retinacular vessels at the femoral head-neck junction. 5 In terms of a vascular-preserving surgical approach, Ganz et al 16 reported that surgical dislocation of the hip can be performed safely, with no cases of osteonecrosis in the context of joint-preserving surgery. Using laser Doppler flowmetry (LDF), Notzli et al 37 further validated this by reporting preservation of femoral head blood flow with the Ganz surgical dislocation approach. In contrast, little is known of femoral head blood flow during hip resurfacing if combined with an approach that preserves femoral head vascularity.
We determined whether femoral head preparation during hip resurfacing compromises femoral head blood flow.
MATERIALS AND METHODS
From 2003 to 2005, 10 consecutive patients undergoing metalon-metal hip resurfacing had femoral head blood flow measurements before and after preparation of the femoral head using laser Doppler flowmetry. All patients had a hybrid metal-onmetal hip resurfacing (Conserve Plus, Wright Medical Technology, Memphis, TN). There were eight males and two females diagnosed with osteoarthritis with an average age of 38 years (range, 16-59 years). Patients with osteonecrosis and/or previous hip surgery were excluded. Institutional Review Board approval was obtained.
The surgical dislocation approach described by Ganz et al 16 was used in all patients and has been described for hip resurfacing. 2, 16 During the procedure, with the femoral head dislocated anteriorly and the leg in neutral position, a 3.5-mm drill hole was made into the anterolateral quadrant of the femoral head and the fiber-optic probe of the laser Doppler flowmeter (Moor Instruments, Wilmington, DE) (20 mW laser, wavelength 780 nm) was inserted. With the probe in a stable position (Fig 1) , the initial blood flow measurement was made and verified to be in sequence with the patient's heart rate. This probe measures blood flow within 1 mm 3 of the surrounding bone. 20 We prepared the femoral head in the standard fashion with insertion of the guide wire free hand in the axis of the femoral head or with 5°valgus orientation. A goniometer was used to confirm proper orientation in the coronal plane followed by a gauge placed onto the guide wire and rotated around the femoral neck ensuring proper clearance for the reamer. With femoral component size selected, reaming of the femoral head was initiated to the desired size ( Fig  2) . Careful attention was paid not to engage the femoral neck. We visually inspected the femoral neck to ensure no notching had occurred before the final blood flow measurement. With the femoral head prepared to its final size and after insertion of the acetabular component, a second blood flow measurement was taken by reinserting the probe into the same hole.
Laser Doppler flow measurements were recorded in real time and later analyzed with DRT statistical software for Windows, v1.2 (Moorsoft, Moor) so that average and standard deviation were calculated. Blood flow was measured in Flux units which are the product of concentration and velocity of erythrocytes within a defined volume under the probe. Changes in flux units were compared before and after femoral head preparation using the percent change for analysis.
The flow data were analyzed statistically using a nonparametric paired sign rank test. We considered a 50% change in blood flow before versus after reaming clinically significant, and differences with p < 0.05 were considered statistically significant.
RESULTS
The average blood signal decreased (p ‫ס‬ 0.0003) after reaming to a mean of 31.7 flux units SD ± 41.1 (range, 5.7-137.8) and nonpulsatile, with only one hip showing no change in blood flow. Excluding that one hip with no change after femoral head reaming, the percentage decrease change varied from 63% to 95% with a mean of 70% (SD ± 30%) in femoral head blood flow in the anterior lateral region ( Table 1 ). The initial blood flow output signal was pulsatile in all cases (n ‫ס‬ 10; mean, 99.8; flux units, SD ± 42.2; range, 36.7-171.3).
DISCUSSION
The challenge of treating degenerative hips in young adults has renewed the interest in hip resurfacing arthro- plasty. 8 Even though initial results have been encouraging, 1, 10, 14, 43 surgeons still experience premature failures mainly related to femoral loosening and neck fracture. 6, 12, 41 There is increased evidence a vascular process is present when a femoral neck fracture occurs either by femoral neck notching 5 or by using the posterior approach. 42 Based on our results it also seems the standard preparation for the femoral head using a cylindrical reamer substantially compromised femoral head blood flow in nine patients. Although the only bony area assessed with the probe was anterolateral and may not represent blood flow to the entire femoral head, when measuring femoral head blood flow in two different areas (anterolateral and central areas), we found 12 of 14 hips had similar changes in blood flow between the two areas. 5 However, the potential for revascularization and the extent of the overall femoral head blood flow compromise can vary between patients.
We note some limitations to our study. We had to remove the LDF probe from the bone between measurements. Therefore, changes of the signal can be partly attributable to a slightly different position in the bone. 20 We suspect these changes are small since we took care to place the probe in similar positions although we did not do a reproducibility study of probe placement. Because the blood flow measurements are only limited time assessments it is not possible to speculate if those changes are permanent or only temporary. In a comparable study looking at acetabular blood flow during Bernese periacetabular osteotomy, Hempfing et al 20 noted reversible changes in the reduction of blood flow in the supraacetabular fragment once the correction was completed. Although this certainly is possible in our study group, we did not investigate this because of time constraints. However, in contrast to an osteotomy where the bone actually is physically displaced from its original position which can impact blood flow, the bone in the femoral head was not displaced. Beck et al 9 reported the degree and duration of the blood flow impairment to elicit irreversible cellular changes are unknown, however similar research in dogs has shown a decrease in femoral head blood flow of 20% below the control value is needed to cause osteonecrosis. 35 The disruption of femoral blood flow is consistent with the vascular anatomy of the femoral head. Harty, 19 Sevitt and Thompson, 40 and Lavigne et al 27 reported the majority of retinacular vessels enter at the superolateral head-neck junction, which we found can be damaged without violating the femoral neck. Thus, our results also support previous findings that the retinacular vessels still provide a substantial portion of the blood flow to the femoral head, even in patients with advanced arthritis. 5 This further questions the so-called intramedullary blood supply concept described by Freeman. 15 In a previous study 5 during simulated neck notching with an osteotome applied to the retinacular vessels, the mean decrease in LDF measured blood flow was 54.9% in the anterolateral area compared with 70% in the current study. The cylindrical reamer encompasses the whole circumference of the femoral head-neck junction, thus it carries a greater potential of disrupting all of the retinacular vessels comparatively to an osteotome. As described by Carlioz et al 13 and Gautier et al, 17 the retinacular vessels are supplied by the ascending branch of the medial circumflex artery and severance of this branch during the posterior surgical approach will disrupt blood flow to the femoral head. 2, 29, 36 The surgical dislocation approach leaves the main blood supply to the retinacular vessels intact, but other factors such as increased intraarticular pressure 9 and patient factors 24 can affect femoral head blood flow. In addition, Kiaer et al 25 reported the actual arthritic process can substantially impact femoral head vascularity, with retrieved arthritic femoral heads having as much as 64% dead osteocytes. Thus, it is likely that a certain injury threshold 34 must be reached for an osteonecrotic event. Additional injury to the femoral head bone also may result from cement thermal necrosis 33 with necrotic bone adjacent to cement being reported in short-term failures of hip resurfacings. 11, 12 Furthermore, in a retrieval analysis of 98 failed metal-onmetal resurfacings, 12 the total percentage of the femoral head sections occupied by cement (mantle, cement-filled fixation pegs or cysts, and penetration combined) ranged from 11% to 89%. The variability of cement penetration in the femoral head is multifactorial, 22, 31 but Juliusson et al 23 reported the absence of circulating fluid in the head can substantially impact cement penetration by as much as 100%. Therefore, the combination of posterior soft tissue dissection, femoral head preparation, and cement penetration may be sufficient to cause extensive necrosis and lead to femoral component failure. 29 Another factor that may influence femoral head blood flow is increased intraarticu- 
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Beaulé et al lar pressure, 9 which in the context of a joint replacement can occur in the presence of a hemarthrosis. However, because our measurements were limited to the confines of the surgery, we could not document the possibility of recovery or additional decreases in femoral blood flow. Although the patients were doing well at short-term followup, the time to failure for hip resurfacing varies, 38 and some implants may migrate without having failed. 7 Finally, a partially devascularized femoral head could have a negative impact on the capacity of bone to adapt to the cyclic stresses in patients who have a high activity level. 26 The success of prosthetic implants depends on a stable interface. 32, 39 If excessive cell injury and/or necrosis occurs during implantation, the reparative response may be sufficient to compromise initial implant stability and lead to migration and eventually loosening. 38 The standard femoral head preparation for hip resurfacing decreased femoral head blood flow in almost every patient despite taking care to preserve the retinacular vessels. The longterm clinical implications of this decrease in blood flow are unknown in the context of cemented fixation of the femoral component. Nevertheless, it seems prudent to preserve as much of the blood supply to the femoral head as possible if other modes of fixation are considered. 28 Taking precautions such as avoiding the posterior approach and using a relatively larger femoral component can minimize potential damage to the blood supply. However, the limitation in using a larger femoral component is that it requires a larger acetabular component. 30 Probably the best way to avoid damaging the retinacular vessels is by translating the cylindrical reamer superolaterally, staying as close as possible to the inferomedial neck and avoiding excessive valgus positioning.
